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I have been aslted to speak briefly about recent progress in the mining 
industry of the United States, and to touch on the general advanceinent of en- 
gineering science as applied to mininz. 


By recent, I shall mean within the past 20 or 30 years. Such a period 
includes a sreat many of the changes vnich are of varticular interest to the 
present generation of e1ginesvs, and the under; raduates of today will hardly turn 
baci: farther than the béervinninge of the present century in their study of develop- 
ment of metnods and »rocesses. Also, my ovn rofessional life spans this period, 
and I have seen or haves been avare of most of these developments as they vere 
taking place. 


In my review of develooments, for the sake of simolicity and clarity, 
I shall deal separately with im>orovements in metal minin7, coal mining, mechanical 
and electrical machine:y for mines, metallurgv, petroleum engineering, and 
safety oractices. Under each of these headings I have set down what aonear to me 
to be the outstandins changes brousat about during the past 2 or 3 decades. Other 
points will occur to other engineers; I do not represent that the following re- 
view is complete; it is only intended to be sugzestive. 


In general, improvements in mining and metallurgical practices have 
come gradually, the charges being effected little by little, simultaneously in 
Widely scattered places, and througa the ezxmerience and inventive senius of many 
men. These chanzes have had email beginnings, and are generally the cumulative 
result of many steady and umsensational progressions, which still continue. What 
we today might be inclined to considsr the culmination of a series of betterments 
in mining is, of course, but an instantencsus phase of developments which will 
contime in the future at even a move zanid »ace than thev have in the past, We 
are looking at but a flesh of a moving picture, with an endless reel to come after 
we finally leave the theatre. 


Behind all the chenzes in tke mineral industry, the driving force has 
been the increasing demand of an e:panding vooulation for more metals and minerals 
with which to advance civilization. More peonle, with an increasing oer capita 
consumption, together with the exhaustion of the richer but smaller, and more 


1 — Excerpts from an address delivered at Lafayette College on the occasion of 
breaking ground for the John Markle mining building, April 26, 1928. The 
Bureau of Mines will welcome revrinting of this paper, provided the following 
footnote acknowledgment is used: "Reprinted from U. S. Bureau of Mines 
Information Circular 6374," 
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‘accessible mineral devosits, have required that the engineer exoloit faster and 
on a larger scale the lover-grade but more extensive reserves. To do tunis at 
reasonezble cost has taxed his insemuity in every direction. Advancing costs of 
labor, materials, and supplies, have necessitated improvements and refinements 
in practices, so a unit of metal or mineral may be vroduced with less labor and 
with fever operating supslies. Better conrdination and direction of wor, 
elimination of duplication and other Waste, and the multiolication of the vorl: 
done per unit of man or other power, are neens toward this end. In America, 
this is all indicated by the so-called "soecding up »rocess', whereby it aovears 
that the average workman in the United States now puts out 30 times as much as 
the avevage man in China, Russia, or India, almost 14 times more than the native 
of Italy or Janan, 8 times as imch as the vortcer in Poland, more than 3 times as 
much as the native of France or Australia, 2; times as much as the German, 
nearly tyvo-thirds more than the wormman of Great Britain, end almost one-half 
more than the Canadian who is our nearest rival. Here we have the apparent 
anomaly of high Wages and lov costs, and this is imortant to remember in con- 
siderinz our mining industry. Bearing this general picture in mind, we may now 
turn to certain more concrete considerations. 


In reviewing changes in metel mining, let us first consider the case 

of copper. From 50 years ago until the World War, the averays:e nrice of this 
metal was 1434 per 1b.; during the var the average was 24¢, and since 1919 it 

has been 13.6, or less than the pre-war »rice. High var vrices, counled with 
urgent requests from tne Allied Governments, resulted in production being »ushed 
to a maximum, vithout much regard for the physical condition of the mines or the 
maintenance of proper ore~reserves. The neriod from the beginning of the century 
to the first days of the war had witnessed the start and growth of operations at 
the large lovi-grade so-called porpnyry properties, in which new methods of surface 
and underground mining had been developed. In the mines, shrin-age-stove, top- 
slice, and various other caving methods were emoloyed. That was a time of steady 
and orderly improvement in mining methods. Then came the var and the scramble 
for rapid production even at the cost of nroper enzineering practices; the result 
Was a large copver outout, but the end of the war, followed by a great drop in 
price of tne metal, found higher-vrade de.:.osits de,leted, mines and equipment 
strained or exhausted, vages and materials costly; the operator, to survive, had 
to turn at once to lover-grade deposits, which he was forced to work at decreased 
cost to meet low copper prices; against him Were arrayed all the unfavorable 
factors enumerated above. Then came rapid readjustments and changes in methods, 
with the result that the American copper »roducer increased tonnages mined ser 
man-shift, reduced costs by decreasing consum tion of ex>losives, power, timber, 
and otner supvlies, and thus weathered the storm. 


The producers of other metals went through more or less similar ex- 
neriences, and the remarkable thing about it all is the way in which American 
mining engineers met increased labor and sun ply: costs and low metal ».riees by 
ingenious methods for decreasing production costs. 


Metal mining in the United States might be briefly reviewed by saying 
that the art was born in California in the early 1850's; took a long forward step 
in the 60's, when extraction from vide rich lodes in Virginia City, Nev «>» 
necescitated square-setting and filling instead of irregular timbering; progressed 
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through the period when hand-stsel miners carefully selected the smaller and 
higher~grade portions of veins, blasted them down on rawhides or canvas, care- 
fully picked, sorted, and sacked the ore won in overhand stones, waste-filled as 
in the common Europ2an mathod; then cams machine drills, shrinkage, villar, and 
similar stoving methcas, tov-slici2g, caving, and finally blociz-caving and branch- 
raise methods as used in some of tne biz wines of today. 


I can summarize what has been accomplished in mining no more forcefully 
than by giving a few illustrations of improved practice: One copper mine in 
Arizona oroduced ?}tons of ore ver man-shift in 1916; 84 tons in 1917; and al- 
most 17 tons in 1926, with a aynenite-consumption of 1/3 of a lb. per ton. 
Another Arizona copper mine increased its per-man-shift production from 4} tons 
in 1925 to 103 tons in 1926. An open»cut copper mine in Utah produced 11 tons 
per man-shift in 1911, and by 1925, working with lower-—grade ore, the vroducti6n 
had been increased to 2&€% tons per maw-trift. Only 1/10 of a lb. of explosives 
per ton was used. The average dally ore output was neariy 47,000 tons. To meet 
high labor and supply-costs, a goid mine in Alaska so improved its mining methods 
that over a period of years it has produced 47 tons per man-shift, using an 
average of only + of a ib. of exnlosives er ton of ore. 


These are examoles of the best American engineers have done but not the 
best they will do. Wovwhere else in the world nave such results been even ap roxi- 
Mated, exceot at American- operated mines in Chile. 


In considsving bituminous coal minins, it should be remembered that 
under-cutting machines, renlacing hand-oic’:s, were first introduced about 1890, 
and that from 1890 to 1924 the average  .roduction per man ver day had risen from 
about 2° to over 45 tons. CGontenoorancously, the percentage of coal produced by 
under-cutting has risen from nothing to about 704 of the total coal mined. Other 
factors enter into this increase in each miner's productivity, but it is generally 
considered that under.-cuttine machines have, in the case of bituminous coal, in- 
creased the outvut wer man-shift by at least 50%. Shooting off the solid in 
bituminous mines is steadily decreasing and is now restricted to about 11% of our 
total »vroduction. 


Coal-loadinz machines are being ra-idly installed, the quantity loaded 
having increased five-fold since 1923. The tonnage loaded by machines, hovever, 
(10,022,000 tons in 1926) is still bareiy tivo per cent of the total »roduction, 
and thus, while their introduction is an interesting development and one which 
may later have greater effects than are now apparent, their use can hardiy yet 
be classed as an importans eiemens in coal production. I myself installed elec- 
trically-driven mechanical cunveyors st long-wall faces in European coal mines in 
1913, but the use of such cunvevurs has come more recently in this country. 


We have lived to see electricity largel~ suppv]l ant steam and compressed 
air underground. The muie is disa:pearing from the mines, and the opverations 
equip red with electxic nvalage now produce 86% of the total output. Concrete is 
coming to be used Taryvely, ard in the past 25 years has replaced other materials 
for the construction of overcasts, stopnings, and mine-portals. Steel tipples 
on concrete foundations now replace wooden structures on masonry footings. 
Roller bearings on mine-car Wheels make transport easier, and solid-body cars 
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handled by rotary—duming devices are displacing end or side-gate cars. The 
‘2anel system of mining, whereby large coal mines are orened by indenendent units, 
is making progress. Thirty years ago a 2000-ton mine was a large nroducer, 
Whereas today overations are tending toward a larger-unit basis, so that 5,000 
to 10,000-ton mines ave now not uncommon. Coal-cleaning is now receiving in- 
creased attention, and many refinements are finding their way into current bitu- 
minous coal mining practice. 


Anthracite coal mining at first sight seems to vresent a less favorable 
picture, for in the same period of 30 years the production per man-shift has 
only increased from 1.85 to 2.10 tons; there has been steady progress in engineer 
ing but the natural conditions have grown vastly more difficult. In the last 
generation, the average deoth of workings has increased 77% and the average 
thickness of the beds is barely half what it once was. The volume of water to be 
handled has ;reetly increased and many collieries have been driven from virgin 
coal to second or even third mining. The anthracite engineers have increased 
the percentege of recovery from as low as 40% in 1880 to a present average of 
65%. These advances have been made possible by steady immrovements in equi>ment, 
particularly the general introduction of electricity. Natural conditions have 
limited the use of cutting machines to about 23% of the output, but in the adoption 
of face conveyors the anthracite mines are anead of the bituminous. 


Especially significant has been the »rogress in anthracite preparation, 
through increasing size of the brealzers anc the introduction of new methods 6f 
both wet and dry-cleaning of coal. Sales of the small sizes (including vea) have 
been built up from 23% of the shinments in 1890 to 35% in 1925. 


In regard to zeneral changes in mechanical vractices at mines, I have 
before mentioned the increasing use of electricity. Electric power is now often 
brougnt from a distance, and there are fewer local fuel-burning vlants; the flex- 
ibility of distribution of electric »ower is recognized. Electricity is used from 
the surface to the mine-face in coal mining, but no successful electrically—operated 
drill has been developed for use in wneteal mines, where rocl--drills onerated by 
compressed air still prevail. Hand-drilling in metal mines has sone out of fashion 
during my time, and the tendency in air-drills has been toward lighter and more 
powerful one-man drills; the heavy tro-nan drill of twenty years azo is now seldom 
seen. Leading machines frecuently replace hand-shoveling in underground mines, and 
electric haulage is becoming more comzon; underground conveyors and mechanical 
scrapers are frequently used. Steam is still used for hoisting in most deep metal 
mines, while hoisting by electricity is being more used in shallow or mediun- 
denth mines. Large-capacity centrifugal pumps, operating against high heads, are 
replacing reciprocating pumps. Huge steam or electric shovels have imroved open-— 
pit metal mining results and made possible many of our large-tonnage operations. 
At one strip-pit in Montana the out»ut of coal per man per day is 47 tons, or ten 
times the average in the underground mines. Even the mine blacksmith and machine 
shons have been revolutionized in the past 30 years; drill-steel is now sharpened 
by machinery, and delicate instruments control heat-treatments which make old-time 
tempering processes appear extremely crude. All mechanical equipment is now faster 
moving than heretofore; higher speeds are noted in devices such as steam turbines, 
electric motors, turbine air-compressors, and centrifugal pumps. Oil engines for 
larger installations and gasoline engines for smaller plants are often seen at 
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metal mines, re.lacin,. old wood-fired boilers. The mechanical equisment of all 
Classes of mines is becoming more com :lex, and more skilled labor and better 
technical suxervision are required. 


In touching on recent orogress in metallurgy, it should be borne in 
mind that mining and metallurgical developments are so intimately related that 
they are but comsonent parts of the general movement toward imorovement in tne 
mineral industrv. If advance in metallurgical methods had not been steadilv 
maintained, progress in the art of mining would nave been corresvondingly cur- 
tailed. So denendent is our rresent civilization on metals, and so closely 
is our social »rogress inteiwoven with metallurgical achievement, that one can 
hardl: discuss the advance of the art of metallurgy without dealing with the 
broader tonic of the advance of manicind. 


Within economic limitations, recent developments in ferrous metallurgy 
tend either toward increased quantity or improved quality. The former is the 
Case With the iron blast-furnace, where by increasing the size and the mechanical 
perfection of the epvaratus, greatly increased outputs have been attained; the 
same tendency is seen all the way to the onen-hearth-steel plant. Quality »roducts 
such as new alloys or compounds having special properties, are increasingly in 
demand and exert industrial influences all out of proportion to their Weight or 
volume. Iron alloys containing tungsten, chromium, molybdenum, cobalt, nickel 
and vanadium have all become of tremendous industrial imortance since the be- 
ginning of this century; new methods of heat-treatment are also noteworthy. 


I:. the non-ferrous field, various forms of Water-concentration were in 
use at the beginnings of the century. Sluices, buddles, jogs, vanners, tables 
and other formas of equinment were in general use for concentration or sejaration 
of various minerals. Then, less than 20 years ago, came flotation, that nev magic 
of many variations; today more than three-fourths or our non-ferrous ore is treaté 
by this metnod. This si:zle imsrovement has made usable sueh vast tonnages of 
low-grade or complex denosits, that an equivalent to a very large increase in our 
natural resources has been eccomplished, and we are assured of large supplies of 
relatively cheay metals for a long time to come. 


In the extraction of srecious metals sucn as gold and silver, simple 
concentrating processes gave wey to amalgamation, and this method in turn became 
relatively unimportant witi the develooment of the cyanide process, which, although 
first vatented in 18E€7, has been largel:’ improved within the past 3 decades, so 
that modern practice has resulted in higher extraction at lower cost by saving, 
both cyanide and »recipitants. 


In the fire-netallurgy of lead, preparation of the fine portion of the 
blast-furnace charge by sintering; saving of volatilized products by baghouse or 
electric precipitator; and better refining methods for lead bullion, are outstand~ 
ing achievements. 


Zinc metallurgy shows even greater advances. The retort, in which all 
zine was produced until the orld Yar, now has the electrolytic plant as a growing 
rival; in 1926, sbout 18% of the total new zinc was produced by the electrolytic 
process. The success of electrolytic zinc is due to the success of flotation in 
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making rich zinc concentrates from complex ores; to the ease of handling resi- 
dual products; «nd to the constant demand for processes involving less human 
labor. Improvements of retort-smelting have been few. More complete removal 
of the sulphur from the charge by roasting; the use of higner temperatures and 
of alloys to resist them; and the emoloyment of sintering are tyoical better- 
ments in retort-practice. 


The reclaiming of various metals that have once been used, is receiv- 
ing moch attention; the neccssity for this has been generally recognized only 
of late vears. 


Copper metallurgy was ».robably improved more by the application of the 
Bessemer process to the treatment of copper matter, than by any other single 
Change; after this we might list »rocesses involving electrolysis. The great 
acid-leaching plants for oxidized ores, in which the dissolved copper is pre- 
Cipitated electrolytically, come at once to mind in considering late develonments, 
Ammonia is also being: used commercially as a solvent for copper. 


The use of electricity in metellurgy has increased rapidly during the 
period in question; it has been applied to the refining of conver, lead, and 
the ».recious metals, as well as more recently to the metallurgy of zinc; the 
ferro-alloys were largely developed inthe electric furnace, and in past vears 
tin has been electrolytically refined. Aluminum is almost entirely a vroduct of 
the electric furnace; the alkaline-earth metals and their alloys are other examples. 


The last subdivision of the mineral industry vith which I will deal is 
the production and treatment of petroleum. Here one of the outstanding achieve- 
ments is the development of the cracking process, whereby gasoline and other 
volatile »roducts can be won b7 cracking the heavier oils; this »rocess was not 
used on a large scale until 1913, in which year a fe: thousand gallons were pro~ 
duced; in 1927, over 4:- billions of gallons of casoline rere thus produced, or 
about 30% of the gasoline outnut of United States refineries for that year. Thus 
the automobiles are kept running without undue destruction of Crude oil; if only 
straight distillation had been used in 1927, 426 million additional barrels of 
crude oil would have been run to the stills to produce the gasoline required, so 
this figure of <26 million barrels re resents the crude oil actually conserved 
last yeer by the development of the cracking process. In this automotive age, 
this is indeed a noteworthy betterment. 


Another important change is the development of methods for recovering 
gasoline from natural gas. The first commercial plants to recover gasoline from 
this source were built about 1910. In 1911, 7§$ million gallons of gasoline were 
thus oroduced, whereas in 1927 this had increased to well over 1 billion gallons, 
or 12% of the total gesoline production for that year. This extremely volatile 
product is especially valuable for blending with heavier gasoline and napths 
for the manufacture of motor fuel, thus making usable large quantities of the 
heavier »roducts Which could not have been used in automotive engines without the 
addition of this lighter ingredient. 


Rotary drilling was first used in 1896, in Texas, and this method made 
possible the penetration of caving formations whic: could not have been drilled 
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with cable tools, and thus enabled the drillers to develon important oil fields 
on the Gulf Coast end in California. Prolific deen sands, far below the surface 
and overlain vith strata not standing well enough for cable-tool eugui»ment, can 
now be reacned with the rotary drill. This develooment has thus added largely 
to our susnlv of crude oil. 


The last imorovement in »etroleum tecnnology I will mention is the 
develoonent of methods for increasin;s the recovery from oil-sands. This inno- 
vation only dnted back to 1903, when gxs under -iressure was forced into an oil 
Well, and, after the pressure was released, it was found that the »roductivity 
of the well had been materially increased. As a result, older fields in Pennsyl- 
vania, Vest Virgiria, Ohio, and Ollahoma are today being re-pressured with gas 
or air, and maixed increascs in »roduction are thus effected. 


I cannot leave the subject of recent »rogress in the mining industry 
Without touching briefly on the safety movement which is receiving so much atten- 
tion from thougntful man. Since tne begimiing of this century, permissible 
exvlosives have come into use in coal mines, and today about 1/3 of our coal is 
produced by them. The recognition of the explosibility of coal-dust, and the 
introduction of rock-dusting in bituminous cual mines mariz another great stride 
toward safety. The introduction of permissible electric equipment is an impor 
tant ste». in coal mining, although as yet only about 1/3 of our eoquin:nent is of 
permissible character. The wide use of the electric cap—lam> has cone within 
our era, and electric blasting is another imortant safety feature. The use of 
water on cutter-bars, steel—housed ventilating fans, and other devices are sig- 
nificant changes. The snread of workman's conmmensation acts has hastered the 
advance of safety measures in both coal and metal mines. | 


Within the veriod under reviev, safety and health conditions in metal 
mines have generally improved. Ventilation is given more attention; dust »roblems 
are dealt with by wet drilling and other »oractices. The use of low-freezing ex- 
plosives is a sted in the right direction, and the practice of blasting only at 
the end of the shift is a comsaratively nev development. Concrete, cement mix- 
tures, and structure] steel underground have increased safety; mltinlying the 
number of exits has diminished fatalities; better trolley—wire »orotection and the 
improved use of electricity generally, have assisted in bringing about safer 
conditions. 


Many «nd various as are the subjects I heve touched wron to indicate 
progress in the mining industr-” witnin less than 1/3 of a century, yet the list 
as I heve given it is incomolete; however, even this rough outline shows the 
astonishing changes that have come within the -:rofessional lives of many of us, 
and it may serve to sugsest to the youn; engineers and undergraduates here the 
progress that may be ex .ected in the next 3 decades. No one doubts that changes 
in a given period of time to come will be greater and more imortant than in an 
equal time that has »assed. To be prepared to keeo abreist with such changes 
requires the most thoroush technical training in the orevaration of the young 
American engineer for the oroblems that are before him--problems that are increas- 
ing in variety and comslexity and wnich will tax him to the utmost even though he 


be Well srepared and ready, forceful and of good courage. 
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